SHORT COMMUNICATIONS (vw, w, m, n) The discovery of ferroelectricity in sodium nitrite (Sawada examined at room temperature by several investigators et al., 1958) has prompted renewed interest in the strue- (Ziegler, 1931; Truter, 1954; Carpenter, 1952 Carpenter, , 1955 ; rural details of this compound. The structure has been Kay & Frazer, 1961) , and is accurately known. The transformation at about 160 °C., the ferroelectrie Curie * Work performed in part under the auspices of the U.S. point, was found originally in an X-ray study by Strijk Atomic Energy Commission. & MacGillavry (1943 , 1946 . They attempted a complete structure analysis at 205 °C. and found a disordered centrosymmetric structure, but were unable to determine the nature of the disorder. The crystal gains a center of symmetry by adding a mirror plane perpendicular to b, and thus goes from the acentric low temperature space group Im2m to Immm. Shibuya (1961) has studied the temperature dependence of several Bragg reflections and critical scattering with X-rays from room temperature up through the Curie point. He reports evidence for incomplete long range order between 120 and 160 °C. and a fairly sharp order-disorder transition at 160 °C. Tanisaki (1961) has made some interesting X-ray measurements just above the Curie point which he interprets as indicating a structure built up of oppositely polarized 'microdomains' of about 4a lattice spacings in width. It is of interest that Hoshino & Shibuya (1961) have made precision measurements of the temperature dependence of the lattice constants, and find anomalies at 163 and 178 °C. As Hoshino & Shibuya suggest, between the Curie point and 178 °C. the crystal may be a special kind of imperfectly ordered antiferroelectric, perhaps an antiphase antiferroelectric, with true disorder setting in only above 178 °C.
In the present study we are concerned only with the disordered structure. Neutron diffraction data were collected at 185 °C. for 37 non-equivalent (0kl) reflections. In almost every case measurements were made at each equivalent position. The crystal used was grown from water solution at about 5 °C., and was cut to an a axis cylinder slightly less than 2 ram. in diameter and 5 mm. in length. Measurements in the heater indicated that the temperature over the length of the crystal varied no more than the range of control regulation (_+ 1°). Preliminary calculations, based on the coordinates of Strijk & MacGillavry, were sufficient to rule out models involving full rotation and anomalously large thermal oscillations parallel to b. Refinements were accordingly made on hindered rotator and positional disorder models. In the final stages the data were corrected for extinction using Hamilton's (1960) IBM 704 program. Only one reflection, the (0p2,0), was significantly affected. The positionally disordered and hindered rotator models were refined on F using the least-squares IBM 704 programs of Hamilton (1958) and Busing & Levy (1959) , respectively. The structure factor standard deviations used in ,computing weights (W=(a(F) ) -2) were assumed to be given by the counting statistics. Examination of the correlation matrices revealed no serious problems with parameter interactions. The largest coefficient, 0.71, occurred as expected for the y and fl22 oxygen parameters. The final parameter results for the positionally disordered model are given in Table 1 with the results of Strijk & MacGillavry listed for comparison. Calculated and observed structure factors are compared in Table 2 . The discrepancy factor R=0.077; the weighted R is 0.058. In the hindered rotator calculations only the nitrite groups were treated as rotating. Sodium was considered as positionally disordered. The hindered rotator scattering factors were obtained by using the M function of King & Lipscomb (1950) and the tables of Chessin & Whitmore (1960) . These were inserted into the Busing & Levy program as one would do in an X-ray refinement. The parameters a and b (calculated from the y coordinates and the heights of the barrier above the potential minimum) that determine the scattering factors could not be refined directly by the program, so that refinement was carried out only on y~a, zo, and the anisotropie temperature parameters. Fourier difference maps were computed after each set of least-squares refinements as guides for choosing new trial a and b values. The final SHORT COMMUNICATIONS results, obtained with b =5, gave an R of 0.085 and a weighted R of 0-075. It is probable that a higher hindering potential would have yielded a slightly better model, but even at 5=5 the distinction between positional disorder (b=~) and hindered rotation is not very meaningful. The M function differs very little for values of b between 5 and ~. Hence, it seems sensible to regard the structure at 185 °C. as positionally disordered, although we know from the field reversibility below the Curie point, and the disorder above it, that the orientation of the nitrite ion can change without too much difficulty. Kay & Frazer (1961) . Those for 185 °C. were calculated using the cell dimensions of Ueda (1961) : a----3-681, b=5.692, c=5.395 A. Correlation effects were considered in calculating standard errors, but cell dimension errors were not.
These distances can occur only in the disordered structure.
should change very little. The differences observed are probably due to apparent shifts in the N and O positions because of thermal librations of the NO2 group. Cruickshank (1961) has shown how the apparent position of an atom in a librating molecule can be shifted toward the center of rotation. While we have evidence for appreciable NO2 libration in the bc plane, unfortunately we cannot calculate the corrections since we have no information on libration out of the plane. It is fairly obvious, however, that the corrections would increase the N-O distance and decrease the bond angle, as they should for better agreement with the 20 °C. structure. Among the additional interatomic distances which become possible in the disordered structure, the short Na-N (2) distance appears to be most significant. Since the longer NaN (1) distance, which is comparable with the 20 °C. value, should be preferred, this would seem to imply that there is a good deal of short range order in chains along the b direction. This probably breaks down at higher temperatures with the onset of hindered or free rotation. Canut & Amor6s (1960) Kay & Frazer (1961) . The subscripts M and m refer to the major and minor vibration axes, respectively.
is the angle between the major axis and the b axis. In both oxygen cases, the inclinations are such as to make maximum angles with the N-O bond.
The interatomie distances, bond angles, and r.m.s. displacements calculated for the positionally disordered model are listed and compared with the room temperature structure in Tables 3 and 4. In view of the low melting point the large increases in the r.m.s, displacements are not surprising. Since there are appreciable differences in the cell dimensions at the two temperatures, one would also expect to find significant changes in the Na-O and NaN distances, but the geometry of the Nee group
